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Uk CLt-B01>//C(tfc * , cqm ^ SPECIFICATION - 

Catalyst and process for the Selective Hydrog^^on of ^>)F 
C ^ Acetylenic and Dioleflnic Hydrocarbons \ * 

3 may be granted to us, and Jht J^SaS SaSm and palladium. th«e«taly**, 

whichit»tobe perfoinied, i^bep ^" re< ^. s d^dvity can beobmneti, either 

described in and by the foUomng stttement. tne «*J™r ^ ^m, ^tial speed, or by 

The ©resent invention is concerned with die by increasing ™enu£j rp ,k* r»«dvst bv 
~r rhanre*. It has especially 
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The present: inv^uuuu 
purification of olefin charges. It has especially 
foTits objects: selective hydrogeMUon <*ta- 
tats of d olefins and acetylene Mrocarbons 
fonned of compound, of «J .fjg 

deposited on a support of re/tartory ox^e, tte 
.mSidof rnanufactu^ of d^c^ym ^ 



controlling the .acovity of ^ catalyst 
partially poisoning it with^hur. ^ 
P In order to overcome Aese obligations, u 
is > known to employ, amongst otters, in itne 

ralrined tUDOOTt, COOl- 
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a memod of use of the catalysts awrtmg to n«u« of^umina and/or of silica, 

the invention 1 for the f^'ve Jiydrosewtrcn P^^X^electiviry of chtomium-mckel 
pi diolefins and a^ 1 ^ eatdyso is higher than that of the catalyst, 

mixtures which contain them together with a ^ tAi « certain ampuntof 

other hydrocarbon*. • ate M hvdroKnation of the ethylene double bonds 

It is of great importance to eliminate as "^™f^ u "," esoecially when the diokfin 

completely aV possible the impurine, eon^- ^/^^"^Srie. are in small 

tSed by diolefins and acetylene M^carbo" ^« "n^chargT In addition, theae 

contained in olefin ^^T^^^ J£alysts remain sensitive to variations of out- 

olefins intended Jor linear polymenratio* over p ataiyw J™""^^ ^ p Uce during the 

catalysts of the ?fc**.Wj Splrat oS ; 5V - ° f tWs^output 

verv small quantities, diolefins, or acetylene °£™"" n ; " hvdroaenation of a substantial 

MrcSXns, inhibit the c^yric tmnam o «^^S^3BR i» desired m purify 

polymerization, and the overal^content of P*™™™ ^ chromium and nickel 

Ihese two categories of hydrocarbons must be on tne ramr »7' — !««*- 
vely ^^ceruin^le-^n 5 ppt* 
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One method of purifymg olefin charges 

consists of distilling them in narrow fracnon, 

then in extracting by a joljcntthe d olefin, 

and/or the acetylene hydrocarbons of each 

fraction. But the most economic method con- 

sSs of hydrogenating the diolcfin and/or 

aStylene «npound. ta the charge without 
acciyiciu. t* wvmn to nnerate 



catalysts in accordance with the present mven- 
tion, deposited on a support of refractory 
oxide, arc capable of eliminator* almost com- 
pletely, by.hydrogenation, the diolefin and 
acetylene hydrocarbons P^V even in 
traces, in an olefin charge, without thereby 
saturating the ethylene double bonds. Ihese 
new catalysts retain the «ne J% 
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acetylene compounds in djecharge without ^££0%^*** of 500 v/v/hr 

touching the olefins. It is nece^ry to operate as ^^^J* aed ££ in active at tern- 

nydrogenating the diolefins ^ ^^^unTand nickel catalysts depends 

even in traces, praaically and without satur- OI ^ cn ^ mi o{ ±ae me tals deposited on 

ating the olefins. nm d uce d the suppoit, the selectivity itself depends on 

[Pric# ¥r. 6J.] 
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compounds over, the absorption surface. 

By the term absorption surface in this 
description, is meant the real active surface 
per gram found by the method of " Brynauer 
5 Emmet and Teller 99 (B.EX), that* is to say 
by measuring the quantity of nitrogen absorbed 
at — 195°C oh the support, previously de- 
. gasified at 250°G,'for 2 hours at a pressure 
of MHmm. of mercury or less* and by coo* 
10 sidering that th? surface of die section of the 
nitrogen atom is 16*2 A (in the liquid state). 

For example, experiments yrm carried out 
on a gaseous mixture ' containing acetylene 
with two catalysts— designated below by A 
15 " and B — which have approximately the same 
-composidoa but have diffmnt dittribution, of 

% H| .... ...» f 

t .. '% ethylene 

Acetylene 

• % CO . . 

" CO, .... 




chromium and nickel. 

Catalysts A — The content of chromium plus 
nickel, estimated in metallic form, is 424% 
by weight; the compounds of the chromium 
and nickel are distributed uniformly over the 
entire surface of the support, jn this case active 
alumina* as* . 
its B— The content of chromium plus 
is 5.01% by weight, but the compounds 
tslt chromium and nickel are accumulated! on 
the outer surface of the support and do not 
cover the inner surface. The support is also 
active gamma alumina. ) 
-The composition of the gaseous mixture 
used for the tests varied within the following 
limits: 

,.. io~— 12.5 

.... 10.5: — 11.7 
, 960 — 1,150 ppto 
... "... % —3.5 . 

» . 

. 50 - 150 ppm ' £ 
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The result! of the test, carried out at 180°C. to 2,500 v/v/hr are giyen^in Table I below: , 35 
with hourly spatial speeds varying from 500 

Tabu I ' 





Temperature 




180°G • 




. Hourly spatial speeds * 


1000 


1590 

• 


,2000 


2500 


Catalyst A 


Hydrogenated ethykmr% .... 


2 


2 


2 


1 




Residual acetlyene ppm 


0 




0 


0 


Catalyst B 


Hydrogenated ethylene % . . . 


16 


16 


— 

15 


12 




Residual acetylene ppm 


0 


0 


0 


0 



It can be seen from Table I that, over the 
^catalyst B, large quantities of ethylene are 
hydrogenated, while over .catalyst A, the 
ethylene is only hydrogenated in 'much smaller 

40 quantities. It is also observed that the acetylene 
is completely eliminated over both. A similar 
observation is made at 150°C 

The previous test was repeated several times 
over with various charges of catalysts of type 

45 A and type B, of which the content of active 
compounds of chromium plus nickel is varied, 
and gave similar results, namely higher selec- 
tivity f the . catalyst of type A as compared 
with those of type B. 

50 However, the catalysts of type A lose their 
selectivity if die quantity f active compounds, 
estimated in the form of metallic chromium 



and nickel) adsorbed over the absorption sur- 
face exceeds a certain value, which is approxi- 
mately 0.2 milligram per square metre of the 55 
said surface. In addition, in order to have 
sufficient activity, the content of chromium 
plus nickel must be at least 0.02 mg. per 
square metre. 

In preparing catalysts by impregnation of a 60 
support with a solution of chromic anhydride - 
and nicker carbonate, it has been observed, 
that irrespective of the duration f the im- 
pregnation, the catalysts prepared with solu- 
tions containing more than 15 grams per litre 65 
of chromium plus nickel, estimated in the 
metallic form, were of type B, whereas below 
this value, catalysts of type A were obtained. 
They also observed that the unpicguiuud of 
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f.* 2 ? ^SSf to SScfc rtfe content of " ^ ^tStS therefore be 

gLS "■«*» is less than 0.02 mum SngVa^e compou^ in the 

\™/wm of the absorption surface. of meullic chromium and nickel. 

> mg /5m aS Seae tew, it has been^edwed f orm c* ^ of vety Urge surface area 
that Twm possible to hydrogenate the diokfin ^™^J£ lo l«i dn d the content f active 

he obtains 
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"the wlutioo Jib -tach the 

objects: 



mirface without losing 

expounds are ^^^d^ATOlicant, 
•maximum rate of °'\ ^/^le^veSuS 
.have observed that the mostse^uve amuy»» 
had a' content of active jompou^ at mo« 

«!2 ^^h^c^ caK 
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l)Tbe invention n» — — . equa i t0 8% fWM^J Som." catalysts 

3RSBSSSS5ES %SiS&S*£E8 

. 2 ) A me ^--' n^n^marink a support nickel, 
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° f 2?A » B TOlCa ~ol f .the said counred in the «o«n pi £ U^. The 
ci&SSwJol topregnating a svgport ^^^nl^nT be filtered, 

i... «K«Athed from . acetylene nyurwwuuv«» rhmmium 
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T Ch '- 2^ richel is less than 15 grams Elective «^SSS and ahhough . it is 

Z^to .^rbedfrom . ^ tQ h £^lu^^ 
85 to 8% of its weigKtof ^^rt S the catalyst, whichareat the^ne . 
of chromium plus nickel, estimated in timc lhc most active and the rrio* setective 

m ^ C me^ofselecriveMmgen.tionof S ^SSJSTdS?«ffi 
diolefin Sd/or acetylene hydrocarbons con- wnh vrhich were caused to 

ffi in a chargTof olefin h^rbom and «udW «rho ^ 
characterized in that the hydrogenation is jw« h mium BQd nickel are not in a 
ctreSeTover the catalysts in accordance : with J^JSS proportion of 2 atoms . of 
S or prepared in accordance with 2) nickel; the support can 

aboveT and in that the operation ^carried mated with a solution conuimng an 

ST2 a temperature compnscd between 100 * £°£^ ficit 0 f nickel carbonate which 
and 300°C. with hourly spatial speeds of 500 «^ ro 2 0%. Appmxirna*^ lkg of 
to 5,000 v/v/hr and at a pressure of 5 to 70 amam ^ in 30 to W litre, of 

^^talystsin accordance with the inven- Sn at ordinary temperatures or slightly 
tion" the content of- compounds of ch^mm higher- rf ^ tio „ mim bc 

and nickel may be such that the enr^um- n* ^unt of active . compoui^ 

nickel ratio by we.ght is about \M »grams of su ^ ^ ^ comp nsed between 

chromium per gram of nickel. However, inc u i~ weight, preferably 2 to 6/, 

Svity and aaivity of the gfflrf'SS over ^3?e ateo^ion slrface, as has been ««d 
R ood if there is an excess or deficit of ( nickel , over r determine the qu«mty 

JSus, the invention extends to cattly^« m above in , ^ B analysed 

which the ratio of chromium to nickel is com- oept» ^ impregnation, and the 

prised between 1.5/1 and 2/1 by weight. SSttaw of chromium and nickel are 
P m refractory oxide as a support Pre^aWy ggg" mcn the support has adsorbed 
comprises alumina, sihea or m xtures of J^JJ.^, quantity G f active compounds, the 
2. and silica.. A tapS^oJ is stopped. The chremmm in 

ticularlv suitable is an alumina essenuany -k t . estimated, t r 

Uprising one pha,. »' .f^^,^ To?I«ri«Uy, by ttotin, to *e 
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_ Vammoniacal medium. 

After impregnation, the catalysts may be 
separated frbm the mother solution and dried 
in an oven between 100° and 115°C for 
5 example, uptilitheir weight remains' constant 
as a function of time. ^ 
The/ catalysts can then be made into pas- 
tilles; for qcampK they are mixed with 3% 
of aluminium stearate to form cylinders of 
3 mm, in height and 3 mmrin diameter. 

Finally, they may be calcined in a muffle 
furnace between 420° and 470°C in an 
atmosphere of air. 

, Before their uxe, the catalysts are advan- 
tageously reduced by a current of hydrogen 
at a temperature of between 320° and 370°C 
for 4 to 7 hours. ' . 

By /virtue of the catalysts of the invention 
obtained by the method described above, 
diolefin' and/or acetylene hydrocarbons con- 
tained in very varied charges can be selectively 
hydrogenatea. r t 
By the application of the invention, it is 
possible to treat gaseous charges resiling from 
the pyrolysis of petroleum fractions in which 
there are present, in addition to the olefins: 
ethylene, propylene, butenes; paraffins, aro-. 
matics and the diolefin and icetylei>e hydro- 
carbons which jt is desired to eliminate. The 
charges treated may also be cracking effluents 
and iii general effluents of blown * units, in 
order to produce unsaturated hydrocarbons in 
large quantities. 

Although the selective hydrogenation process 
according to the invention can be applied to 
charges from which there have already bc-n 
separated the hydrocarbons containing 4 atoms 
of carbon or more, this separation is not neces- 
sary and selective hydrtgenation of the 
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diolefins and the acetylenes is obtained, even 
in the raw' gases derived from industrial 
installations. ▲ 

The content f diolefin and/or "acetylene 
hydrocarbons in the charge can vary from 
100 to 50,000 ppm„ without the w6c*nnce 
of. any substantial difference oP lolvity or 
selectivity in the catalyst, 
r The catalysts according to t|je invention 
permit hydrogenation to be' earned out at 
temperatures from 120° to 300*0. The rate 
of hydrogenation. increases with the tempera- 
ture, but it is observed that when this tem- 
perature exceeds 300°C, jbe selectivity of the 
catalyst for the hydrogenation of diolefin* and 
acetylene hydrocarbons falls off. On charges 
which have been freed from hydrogen sulphide, 
the operation can be effected at temperatures 
below 180°C, with a good activity of the 
catalyst, but if the catalyst has been poisoned 
by sulphur, jt can be easily regenerated by 
operating at a temperature equal to or higher 
than 200°C . 

When the charge contains diolefins, the 
hydrogenation temperature should, preferably 
be higher than 200°C, in order that these 
latter may be 4 completely eliminated, but this 
has no effect on the selectivity of the catalyst 

The hourly spatial speed is usually between 
500 and 5,000 v/v/hr. This hourly spatial 
speed is chosen as a function of the tempera- 
ture; the speed will be higher as the tem r 
perature increases, as a-f unction simultaneously 
of the content of acetylene and/or diolefin 
hydrocarbons in the charge (the conversion 
diminishing if the speed is increased) and of 
the desired purity, of the product. 

The pressure may be higher than atmos- 
pheric pressure; it fn*y oe for example, 
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between 5 and 30 aanosph^w. . . . "Sample, I, U and III, the charge to 
• a- ' Table II 



ppm* 



% 





% 0.15 

. •••• AO 1 I 


bopentane . 


Pe&tmc 


% 0.0 I 
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1 ' 1 1 

* J 1 
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tl 1 

^ 1 .• 1 
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1 I I 

' 1 • 1 




\ • 1 1 

v •' 1 1 
*" 11 
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• • 


* . *■ "1 " 1 
' 1 _ 



The bydrogeuarion pressure is 10 bars 



E TSin of NiCr a O, b prepared bythe 
action ; of chromic anhydride on mckel carbon- 
10 S «t 80°C, following the reaction: 

2 CrO, + NiCO. * NiCr a O T + CO, 

This solution of NiCr.O, c<> n tains0.W8 
grams per litre of nickel and .7154 grams per 
fto of chromium, the chromium and the 
nickel being calculated in the ^» c , fo " n - 

A gamma alumina is treated for J hours, 
havinl a surface of 343 sqjn./gram at 600 ^ 
m alumina thus treated s then >mp«g^ed 
with the said solution of nickel bichromate 

^^ystU filtered and dried at 
HOOC and it is calcined in a muffle furnace 
at 440° T 10°C, in the presence of air . 
at «u 3= » ohta ned com 
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«t 440° ± 10°C, n the presence oi »»■ . 

The cttalyst CI thus obtaned contains 
n 114 ml of chromium plus nickel per m», 
S is p«-frea U with a current of hydrogen at 
350OC foT6 hours with an hourly spatial 
speed of 200 v/v/hr. 



' 50 cu.cm. of this catalyst CI are employed 
for treating the charge, jhe comp^uoW 30 
which has been given in J^aok ^^.p 10 
of this treatment are given in Table III. 

^cauly^ C2 is prepared in the same 
Jnncr^ catalyst CI, but the so^ouof 35 
nickel bichromate contains 2.428 
SSTof nickel and 4.374 grama of chrc^um, 
thVchromium and the nickel being estimated 

5*! cTobtained contain. 0.132 mg 40 
of ThnomfuxTplus nickel per m», estunated m 
the metallic fonts. , . 

In the same way, this catalyst C2 - pre- 
treated at in Example I; the results f the 
scTccSe hydrogena^on f the ^ ^Jge. 45 
carried out over the catalyst C2, are given in 
Table III. 

E TcTal,£ C3 is prepared a. in the two 
preview Samples, but with a solution of 50 
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rickcl bichroma "flM it " 

, '"W^f* selective hydrogen 
' d «!!^^— t?" »£» to «2d a*V this ^ « given - 
cfinanium plus nickel per a , caicuuwu Tgble UL 
/the metallic fonn; . ; ; , ^ ffi .;.>.-. 
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CI 



C2 
I 

C3 



Hydrogenated C,Hi % 
Residual CtHtPpm 
Hydrog. C^H* % 
Residual CaH, 0 /© •••• 

Hydtog.CA%» 

Residual C,H,ppni. 



10 
0 
0 

o 

10 
0 



9 

0 

0 

0 
5 
0 



3 
0 
0 
0 

0 



0 
5 
0 
5 
2 
5 



3 
0 
5 
0 
8 
0 



0 

0 

0, 
0 
7 
0 



0 
0 
0 
0 
3 
0 



™ Jlfei show that over , J l«ge 
15 »*e invention We »JEES£2S The olefin charge to be pu 

* XTthe hourly spatial velocity bj 

* . Table IV 



500v/vhr 
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If it is desired to operate at a spatial speed 
of. 1000 v/v/hr, the temperature must be 
increased to 230°G in order to eliminate the 
diolefins and the ( acetylene hydrocarbons. 
5- Under these conditions, the lefins arc abso- 
lutely not bydrogenated. • 

It can be seen from this Example, that the 
catalysts according to the invention permit 
the complete purification of olefin charges 
10 which contain at the same time diolefins and 
acfctylene hydrocaxbons, without the olefin^ 
being saturated, although the treatment tem- 
perature must be higher than 200°C. 

WHAT WE CLAIM IS:— 1 ' 
15 L Catalysts intended particularly for the 
.selective hydrogenation of diolefins and/or 
acetylene hydrocarbons,' the said catalysts 
being of the type containing active compounds 
of chromium and nickel deposited on a support 
20 of refractory o»dt> and being characterized 
> in that the said active compounds, calculated 
in the metallic form, are uniformly distributed 
over the whole absorption surface of the 
support at the rate of 0.02 to 0.2 milligram 
25 per square metre. 

2. Catalysts in accordance with Claim 1 or 
Claim 2, characterized in that the said support 
of refractory oxide is of gamma alumina 
having an absorption surface greater than 

30 30 sq.m. per gftm. 

3. Catalysts in accordance with^Claim 1, 
characterized in that the ratio of chromium *o 
nickel by weight is comprised between^ 1.5/1 
and 2/1.' 

35 4. Catalysts in accordance with Qaim 1, 
Claim 2 or Claim 3, characterized in^hat the 
content of active compounds, chromium plus 
nickel, calculated in the metallic form; is com- 
prised between 0.5 and 8% by weight and 

40 preferably between 2 and 6% by weight. 

5. A method of manufacture of catalysts in 
accordance with any ore of Claims 1 to 4, 
the said method consisting cf impregnating 
the said support with ah aqueous solution of 

45 a soluble salt of chromium and nickel, the 
concentration of which, calculated in chromium 
plus nickel in the metallic form, is less than 



15 grams per litre, and continuing the impreg- 
nation until the said support has absorbed 0.5 
to 8% of its weight f active compounds, 50 
chromium plus nickel, calculated in the 
metallic form. , . ^ i 

6. A method in accordance with Claim 5, % 
characterised in that die concentration of the ^ 
aqueous solution is comprised between . 1.25 ; 55-, 
and 15 grams per litre, calculated in metallic „ r ; 
chromium plus nickeL. 

7. A method in accordance with Claim 5 
or Claim 6, characterize^ in that the said 
support is impregnated until it has absorbed 60 
2 to 6% pf its weight of active compotinds. ( 

8. A method in accordance with Claim 5, 
Claim 6 or Claim 7, characterized in that the 
said impregnation i$ carried out at ordinary 
temperature or at a temperature slightly higher 65 
than ordinary temperature. «. ' 

9. A method in accordance with any of 
v Claims 5 to 8, characterized in that the 

catalyst is pre-treated by the action of hydro- 
gen. 70 

10. A method of selective hydrogenation of 
diolefins and/or acetylene hydrocarbons con- 
tained in a charge of olefin hydrocarbons, 
characterized in that the hydrogenadon is 
effected over catalysts in accordance, with 75 
Claim 1 or prepared by the method of Claim 

5, at a temperature comprised between 100 
and 300°C with hourly spatial speeds of 
500 to 5,C00 v/v/hr and at a pressure of 50 
to 70 atmospheres. . 80 

11. Methods of selective hydrogenation of 
diolefins and/or acetylene hydrocarbons con- 
tained in charges of olefin hydrocarbons, sub- ' 
stantially as hereinbefore described and as 
illustrated in the foregoing Examples. 85 

12. A method of manufacture of catalysts, 
substantially as described herein. 

13. Catalvsts when prepared by the method 
of any of claims 5 to 9 or 11. 

Compagkie Franchise de Raffxnagb 
Per: BOULT, WADE & TENNANT, 
1 1 2, Hatton Garden, London, E.C1 . 
Chartered Patent Agents. 
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